The aim of the study was to examine the long-term trends in pedestrian mortality for children (aged 0 to 14 years) and young people (aged 15 to 19 years) over four decades in transitional Lithuania. Methods. Road traffic fatality data were obtained from Statistics Lithuania and the Archives of Health Information Centre. Trends were analysed by linear regression using "Independence" as a slopechanging intervention in 1991 and population as a further explanatory factor in structural time series models. Results. The impact of the interventions, along with the reforms and changes related with the Independence, on pedestrian fatality trends in our time series model was found highly statistically significant for children 0 to 14 years (p<0.001) and still significant for young people 15 to 19 years (p<0.05). No significant impact on the trend of road traffic deaths was found for the "control-groups" of non-pedestrian road users in the age group 0 to 14 years and adult pedestrians (over 19 years of age). For the age group 15 to 19 years the effect of reforms was also significant for non-pedestrians (p<0.05). These results indicate that the effect of measures and changes used in the post-independence period was more specific in children that participated in road traffic as pedestrians than in adult pedestrians, or in nonpedestrian road users. Conclusions. Pedestrian deaths in Lithuania fell significantly in the age groups 0-14 and 15-19 years. A declining trend was found in road traffic fatalities and in pedestrian deaths in transitional Lithuania in the post-independence period. Socioeconomic and political transformations, systematic reforms in healthcare along with sustainable preventive measures may have contributed to this decrease. Targeted road safety measures were road traffic regulations, pedestrian education and environmentally based prevention measures. As child pedestrians are the most vulnerable group of road users, continued road safety education and promotion are recommended in order to maintain this trend, and to involve adult pedestrians in this development.
Introduction
Worldwide over 1.2 million people die each year from road traffic crashes, and between 20 and 50 million suffer from non-fatal injuries. Nearly half of those dying on the world's road are vulnerable road users [1] . The global economic burden of motor vehicle collisions and pedestrian injuries approximates $500 billion [2] . In some low-income and middle-income countries up to 80% of road traffic deaths are among vulnerable road users [1] .
In the European Union (EU) 50,000 fatal road traffic injuries occur per year; one-third of those killed are vulnerable road users (pedestrians, cyclists, two-wheelers). Among 4.3 million non-fatal road injuries treated in hospitals per year in the EU, two-thirds were vulnerable road users. In the EU, pedestrian deaths account on average for 19% of road traffic deaths [3] . Pedestrians, cyclists and motorised two-wheelers are the most vulnerable road users because they are at the highest risk of death or severe injuries in case of transport crashes and collisions. Children in particular are one of the main groups at risk of having a fatal or severe injury as pedestrians or cyclists. For each mile travelled, there are about 30 times more child pedestrian 14 deaths than there are deaths to child car occupants [5] .
In the EU, Lithuania shows the highest percentage of pedestrian fatalities (37%) among all road traffic deaths for the whole population [3, 4] and high rates of traffic injury mortality rates overall [6] . Child traffic injury rates are still much higher in Lithuania than in other European countries [7, 8, 9] . The previous studies were focused on the age groups and not the type of road user. Furthermore, it is not thoroughly documented how transitional economic and social conditions have influenced traffic injury mortality in children and young people in Lithuania before and after the Independence from the former USSR in 1991.
The objective of this paper was to examine trends in pedestrian mortality for children and young people compared to the overall trends in road traffic mortality between two periods in transitional Lithuania: pre-independence 1971 to 1990, and post-independence 1991 to 2011. Changes in trends were placed in relation with road safety measures in Lithuania in the respective period.
Materials and Methods
The data for this study were obtained from the Department of Statistics for the Government of the Republic of Lithuania and the Archives of the Health Information Centre. The time series of road traffic fatalities of children aged 0-14 years, young people aged 15-19 and all age groups over the years 1971 to 2011 were examined using the statistical / econometric software system STAMP Version 6.2. STAMP (Structural Time Series Analyser, Modeller and Predictor) is a menu-driven system designed to model, describe and predict time series, based on structural time series models. These models are set up in terms of components such as trends, seasons and cycles that have a direct interpretation [10] . The hypothesis for the statistical analysis of the pedestrian mortality data for Lithuania was, that there was a change of trend between the periods 1971-1990 and 1991-2011; in particular, a decline in pedestrian mortality triggered by the changes after the Independence in 1991.
The approach for the STAMP analysis was to use a simple linear regression model for pedestrian fatalities in the age group 0 to 14 years for the whole period. "Independence" was introduced as a slope changing intervention in 1991 and population added as a further explanatory factor (covariate), whereby the number of children aged 0-14 years in Lithuania dramatically decreased after the Independence, from 845 000 in 1991 to 488 000 in 2011).
The symbolic equation of the model is: Fatalities = Trend + Population + Intervention + Irregular Fatalities: estimated number of fatalities (for a given year)
Trend: estimated number of fatalities according to the parameters level and slope (fixed and/or stochastic) Population: a factor for the number of population for a given year
Intervention: a factor for the parameter slope before and after Independence in 1991 (value of 0 for all years before 1991, and 1 for 1991 and all years after 1991) Irregular: the error or noise component of the model The model performance was assessed for the options fixed versus stochastic for the parameters level and slope of the "regression line" using the Coefficient of Determination (r-square), the Prediction Error Variance (p.e.v) and the Information Criterion of Akaike (AIC). The model with fixed level and slope, which equals the classical regression analysis, was found to have a slightly better performance (r-square = 0.88, p.e.v = 27.33, AIC=3.50). ) than the other options (next best options, stochastic level and fixed slope: r-square = 0.86, p.e.v = 31.63, AIC = 3.70). Thus, this model was then applied to all groups of fatalities under investigation.
It was not the purpose of the statistical analysis to propose a specific model for the evolution of fatalities for a particular group of road users, or to predict this evolution for the years to come. Hence, the significance level of the intervention factor "Independence 1991" was considered the main criteria for differences in fatality trends between the periods 1971-1990 and 1991-2011 among various groups of road users--pedestrians and non-pedestrians by gender, and three age groups.
Data on age groups, gender and number of children and young people deceased in road traffic crashes as pedestrians were based on the International Classification of Diseases (ICD). The classification system has changed numerous times during the long study period, from code 161 in ICD-8 for 1971-1987 to code 161 for an abridged version of ICD-9 in 1988-1992, followed by code E 814 in 1993-1997 from the full version of ICD-9. From 1998 to 2010 code V01-V09 was used from the ICD-10. Starting 2011, codes V00-09 from the ICD-10-AM (an Australian modification of ICD-10) were introduced in the country.
The Bioethics Committee of Lithuania approved of the study.
Results
During the observation period before the Independence (1971 to 1990) the number of children aged 0 to 14 years in Lithuania that died as pedestrians in road traffic crashes ranged from 34 to 58 per year; during the 20-year period after the Independence (1991 to 2011) this range was 3 to 47. The respective ranges for adolescents aged 15 to 19 years were 8 to 31 pedestrian fatalities before and 4 to 17 after the Independence (Table 1) .
Visual inspection of the time series of these fatality numbers indicates that a declining trend set in after the Independence in 1991, at varying degrees for different age groups and road users ( Figure 1 and Figure 2 ). The trend was most prominent for child-pedestrians aged 0 to 14 years ( Figure 1 ) and pedestrians aged 15 to 19 years ( Figure  2 ) compared to non-pedestrian road users aged 0 to 14 and pedestrians over 14 years (Figure 1 ). 23  61  1976  21  17  38  12  6  18  33  23  56  1977  25  20  45  13  2  15  38  22  60  1978  24  14  38  17  7  24  41  21  62  1979  21  14  35  15  8  23  36  22  58  1980  23  22  45  13  8  21  36  30  66  1981  23  11  34  10  2  12  33  13  46  1982  23  17  40  12  7  19  35  24  59  1983  33  18  51  16  4  20  49  22  71  1984  34  24  58  22  9  31  56  33  89  1985  25  21  46  15  6  21  40  27  67  1986  27  23  50  9  6  15  36  29  65  1987  26  12  38  8  6  14  34  18  52  1988  27  14  41  10  6  16  37  20  57  1989  23  18  41  17  5  22  40  23  63  1990  25  13  38  9  3  12  34  16  50  1991  28  19  47  9  3  12  37  22  59  1992  26  16  42  11  6  17  37  22  59  1993  23  15  38  10  5  15  33  20  53  1994  22  13  35  10  5  15  32  18  50  1995  14  12  26  10  3  13  24  15  39  1996  16  15  31  7  8  15  23  23  46  1997  9  7  16  4  2  6  13  9  22  1998  16  12  28  11  3  14  27  15  42  1999  12  8  20  5  8  13  17  16  33  2000  8  5  13  8  2  10  16  7  23  2001  14  7  21  6  2  8  20  9  29  2002  7  4  11  11  5  16  18  9  27  2003  7  2  9  5  6  11  12  8  20  2004  6  2  8  7  0  7  13  2  15  2005  9  4  13  8  3  11  17  7  24  2006  7  7  14  8  4  12  15  11  26  2007  7  1  8  7  3  10  14  4  18  2008  7  2  9  7  2  9  14  4  18  2009  3  0  3  5  2  7  8  2  10  2010  3  1  4  6  1  7  9  2  11  2011  5  2  7  3  1  4  8  3  11   Table 1 . Pedestrian deaths in children and young people in Lithuania, 1971 Lithuania, -2011 adolescents aged 15 to 19 years with respective "control groups" yields a similar but less distinct pattern ( Figure 2) . Figures 3 and 4 show the results of the time series approach (STAMP model) (Figure 3, Figure 4 ) for child and adolescent pedestrian fatalities from 1971 to 2011 (log-transformed data; see also Table 2 ). Table 2 summarizes the results of the STAMP fatalities analysis for all given sub-groups of age, sex and type of road user; for the control-groups of non-pedestrians and pedestrians over 19 years of age. The impact of the predictor "Independence in 1991" and related changes and reforms in the country on pedestrian fatality trends was found highly significant for both genders combined, and less significant for girls 0 to 14 years (males p<0.01, fema-les p<0.1). Also for the whole group of pedestrians aged 15 to 19 years, and for each sex as well, the intervention proved to be significant (p<0.001 for the whole group, p<0.05 for each sex). For the age group 15 to 19 the effect of the Independence, along with the measures and reforms in the post-independence period was also highly significant for non-pedestrians (p<0.01).
No significant impact of the reforms and activities related with the Independence on the trend of road traffic deaths was found for non-pedestrian road users in the age group 0 to 14 and adult pedestrians (over 19 years of age; Table 2 ). Again, with the exception of non-pedestrian adolescents (15 to 19 years), the quantitative statistical analysis indicates that the effect of the interventions related with the Independence was more specific in children and young people that participated in road traffic as pedestrians than in pedestrians of other age groups, or non-pedestrian road users of the same age group.
Discussion
A declining trend was found in road traffic fatalities in Lithuania after the Independence in 1991, of varying degrees for different age groups and road users, namely for children 0-14 years of age and pedestrians. During the study period, Lithuania went through significant political, social and economic changes. This includes the independence from the Soviet Union in 1991, joining the European Union in 2004 and changing from a low-income to middleincome country. At the macro-level, the Lithuanian reforms to transition from a socialist to a market economy system were more sustainable and systematic than in other former Soviet neighbourhood republics of Russia or Belorussia. In addition, Lithuania experienced a sharp drop in per capita income during economic recession in 1990, but managed to recover early [11, 12] . Legal, environmental and educational road safety measures were implemented after the Independence to systematically address road safety. These include Road Traffic Regulations in 1994, Road Traffic Safety Law in 2000, and the establishment of the National Road Safety Commission in 1997. That has full control over the implementation of Road Safety Policy in Lithuania and a coordinated National Road Safety Programme since 2000. There were observed improvement of vehicle safety, engineering measures of traffic safety enhancement (for instance, traffic-calming equipment, speeding cameras, and road modernization), and legislative reforms (driving under the influence, seat belt usage in the front and back seats, child restraints, speed reduction, alcohol control policy, and graduating driver-licensing systems). Lithuania reported the implementation of 56% of effective interventions for road traffic injury prevention (regional median score -81%), and there is national policy for road safety for all age groups in the country [9, 13] . Investments have also been made in a longterm road safety promotion strategy for children and young people, including an annual national traffic safety training competition and courses at the university and secondary level for increased awareness of child injury prevention and road safety in the country.
Death rates have declined significantly for child pedestrians aged 0-14 years in other parts of Europe (namely England and Wales), in Australia, and in the United States [5, 15, 16] . Explanations cited include progress in emergency and medical care and reduced walking [5, 16] . In addition, although the study does not have trend data on exposure to walking by children in Lithuania in pre-independence period, we do know that motorisation has steadily risen since 1991 [17] , and children are driven to school by their parents more frequently.
Lithuanian healthcare reforms resulting in improved medical treatment, high-level intensive care equipment usage and professional rehabilitation may have also contributed to the significant Amendments to the Law on Public Healthcare defined public health functions at national and local levels and paved the way for municipalities to establish public health bureaus, responsible for the provision of the local public health services, mainly health promotion, and child health [18] . In summary, it is necessary for Lithuania to continue investing in road safety promotion despite current economic hardships so that national and local cross-sectoral collaborations, sustainable long-term programmes, and primary/ secondary/tertiary traffic injury prevention can continue to yield effective results in pedestrian safety for children and young people.
Strengths and limitations. The strength of this investigation includes the combination of descriptive and time series analysis, the 40-year study period and the breakdown in road user categories. The analysis of long-term mortality trends was complicated due to the changes in the ICD over the years. However, for this study the category name for pedestrian fatal injury remained unchanged between these revisions. Statistical information in Lithuania on external causes of death has been used by WHO, as quality information for its global database from 1970 and there have been no changes in the data registration procedure since then. Thus, Lithuania's statistical information is generally considered reliable and internationally comparable [9, 19] .
Conclusions
Pedestrian deaths in Lithuania fell significantly in the age groups 0-14 and 15-19 years. Over the post-independence period, a declining trend was found in road traffic fatalities and in pedestrian deaths in transitional Lithuania. Socioeconomic and political transformations, systematic reforms in healthcare along with sustainable preventive measures are macro-level determinants that may have contributed to this decrease. Targeted road safety measures were road traffic regulations, pedestrian education and environmentally based prevention measures. As child pedestrians are the most vulnerable group of road users, continued road safety education and promotion are recommended in order to maintain this trend, and to involve adult pedestrians in this development.
